Abstract. This study investigated the geographic distribution and prevalence of antibodies to California and Bunyamwera serogroup viruses in Native populations of Alaska, and demographic and ecologic risk factors associated with exposure.
Pioneering investigations of mosquito-transmitted bunyaviruses (Bunyaviridae; California and Bunyamwera serogroups) in Alaska were done from 1968 to 1972 by the U.S. Public Health Service, Arctic Health Research Center (Fairbanks, AK); [1] [2] [3] [4] the Center closed in 1974. The 1968 serologic survey of human populations was the first completed in the State; residents of five eastcentral Native villages were tested for antibodies to California encephalitis virus (hemagglutination-inhibition [HI], CE prototype BFS-283) and Jamestown Canyon virus (plaque reduction neutralization test [PRNT] , JC prototype 61V-2235). 1 Antibody prevalence rates were 30% (HI) and 72% (PRNT) in the 325 persons tested from all age groups. 1 However, since each serologic test used only one California serogroup (CA GP) virus or viral antigen, antibody specificity could be ascertained only to serogroup. Virus isolations from Aedes mosquitoes and small mammals documented both JC and snowshoe hare (SSH) viruses to be circulating in this region (Ritter D, unpublished data). 1, 3, 4 In 1971, Northway (NOR) virus was isolated from Aedes mosquitoes and was identified as a new member of the Bunyamwera serogroup (BUN GP); 2 subsequent isolations were made from small mammals and Culiseta mosquitoes. 3, 4 Two additional human serologic surveys were done in the early 1980s. 5, 6 These examined adult populations of 121 Eskimo reindeer herders in northwest Alaska, and 435 U.S. Geological Survey and Forest Service workers with field travel to remote areas. 5, 6 In both studies, sera were examined for neutralizing antibodies to JC, SSH, and NOR viruses. In these populations, 22-54% circulated JC and/or SSH viral antibodies, and NOR viral antibodies were found in 4-14%. 5, 6 Mosquito-borne bunyaviruses other than JC, SSH, and NOR have not been investigated in Alaska. However, additional bunyaviruses, as well as several togaviruses, circulate in similar ecologic landscapes and northern latitudes of Russia (Commonwealth of Independent States [CIS] ). The Far East of Russia is separated from western Alaska by less than 75 km of shallow ocean across the Bering Strait. During the Pleistocene, the two continents were joined by the Bering Land Bridge, formed by sea level lowering associated with glaciation. 7 Wildlife transmigrated across the land bridge and formed the fauna of the Beringia Refugium, 8 and humans and mosquito vector-virus progenitors dispersed into North America from central Asia. [9] [10] [11] Recent ecologic studies in the CIS have documented widespread northern circulation of CA GP viruses (TAH, SSH, and INK), as well as two alphaviruses (Togaviridae): Sindbis (SIN) virus in the West and Getah (GET) virus in the East. 12 Another bunyavirus, Batai (BAT; Bunyamwera serogroup) is present at low levels in northern latitudes. 12 Of particular relevance are virus studies done in northeastern Russia-Chukotka, including the Chukchi Peninsula, and Kamchatka-lying across the Bering Sea from Alaska's western coastline. [13] [14] [15] Human serosurveys done in forest and tundra landscapes have shown a high prevalence of neutralizing antibodies to TAH virus (27-46%) and a prevalence of 7% to GET virus. 13, 14 Two to 6% of humans circulated antibodies to BAT virus. 15 Snowshoe hare, TAH, BAT, and GET viruses all have been isolated from Aedes mosquitoes in this region. 14, 15 In eastern Siberia (Yakutia), three CA GP viruses (TAH, SSH, and INK) were found to circulate concurrently in human populations with an overall seroprevalence of 67%. 13 Most of the aforementioned arboviruses are human pathogens. Jamestown Canyon and SSH viruses are considered emerging threats to the public health in the contiguous United States, Canada, and the CIS, 16 causing flu-like illness and central nervous system (CNS) disease (aseptic meningitis and encephalitis). In the CIS, TAH and INK viruses also have been associated with disease; clinical cases of TAH and INK virus infection primarily result in flu-like illnesses (65%), but CNS manifestations occur in 35% of cases. 17 Chronic neurologic sequelae also develop in up to one-third of the cases, with onset from one to 2.5 years after infection. 18 Batai virus infections in the CIS can result in fever and aseptic meningitis. 19 No human disease has yet been associated with NOR or GET viruses, but subclinical infections have been documented in Alaska and Alberta (NOR virus) 5, 6, 20 and the Russian Far East (GET virus). 14, 19 Sindbis virus is a significant human pathogen that may occur epidemically. 21 The extent of clinical arboviral illness in human populations of Alaska is unknown. This study was initiated to determine 1) the geographic distribution and prevalence of arboviral antibodies in humans, as an indication of past clinical or subclinical infections, and 2) the demographic and ecologic risk factors associated with arbovirus exposure. While human exposure to JC, SSH, and NOR viruses was of primary interest, viruses circulating in eastern Russia (TAH, INK, BAT, and GET) were also considered to be potentially present in Alaska. Sindbis virus was included in the study due to its circulation in similar landscapes within the CIS, and Cache Valley virus (CV; Bunyamwera serogroup) was included due to its presence in Alberta. 22 A preliminary animal survey was done to determine which viruses (previously undocumented in Alaska) were likely to be infecting human populations. One human population at high risk for arbovirus exposure in Alaska are indigenous peoples, who may be life-long residents of rural villages, and who lead a subsistence lifestyle ecologically associated with mosquitoes and wildlife. Therefore, Native populations from communities situated within ecologically diverse regions were surveyed for previous arbovirus infections. MATERIALS 
AND METHODS
Preliminary animal survey. Sera (n ϭ 30) from six species of large, free-ranging mammals were examined for arboviral antibodies, to clarify which viruses should be investigated in a human serosurvey. Mammals included three cervid species (moose [ ) . Sera used in the survey were from animals captured and bled by the Alaska Department of Fish and Game during 1981-1992; the approximate geographic location at the time of capture is shown in Figure 1 . Five sera from each species were examined for neutralizing antibodies to nine arboviruses by standard PRNTs at the Yale Arbovirus Research Unit (YARU). Viruses of interest were four bunyaviruses in the California serogroup (JC, INK, SSH, and TAH), three viruses in the Bunyamwera serogroup (NOR, BAT, and CV), and two togaviruses (SIN and GET). Prototype virus strains (INK, KN3641 Finland; JC, 61V-2235 Colorado; SSH, original Montana; NOR, 0234 Alaska; BAT, MM2222 Malaysia; CV, 6V633 Utah; and SIN, EgAr 339 Egypt) were used in the PRNTs except for TAH (22595-6 former Czechoslovakia) and GET (BND-85-14401 Thailand). Sera were diluted 1:10 for screening, and all positive sera titered out at least to 1:320.
Human serosurvey. During the 1980s, the Centers for Disease Control (CDC) and the Indian Health Service (IHS) collected sera from Alaska Natives in conjunction with a hepatitis B virus vaccine demonstration project. The vaccine project involved Natives of both sexes and all age groups from communities throughout Alaska. This pool of sera, banked at CDC (Anchorage, AK), provided the basis for our retrospective arbovirus serosurvey. All personal identifiers were removed from the sera at CDC; informed consent of human subjects is not required for anonymous sera tested retrospectively. Protocols for Native sera usage in this study were approved by institutional review boards at the National Indian Health Service, Office of Health Program Research and Development (Tucson, AZ); the Alaska Native Area IHS, Research and Publications Committee (Anchorage, AK); the University of Alaska Fairbanks (Fairbanks, AK); and the Yale University School of Medicine (New Haven, CT). Alaska Native populations of 18 communities were included in the survey. Serum aliquots provided by CDC were drawn between 1983 and 1986 with samples from individual communities collected over 12-39-month periods. However, most samples from each community were collected during a single month, primarily in 1984.
The geographic distribution of the surveyed communities and related demographic data are shown in Figure 1 and Table 1 . Most communities are traditional Native villages with primarily Native residents living a subsistence lifestyle. Craig and Unalaska are commercial fishing communities with principally Caucasian residents; a traditional Native population lives within each community. Native populations in the communities ranged from 55 to 543 residents, with most containing 100-400 residents in 1980. 23 The median age of these populations was young (19.1-27.1 years); 50% were children or young adults. 23, 24 Native groups resident in the 18 communities were Eskimo (7 communities), Indian (7 communities), Aleut (2 communities), and Alutiiq (2 communities); specific ethnic-linguistic affiliations are shown in Table 1 .
Where available, 100 sera were tested from each community. A random sample stratified by age group was provided by CDC, and was based on the young age structure of Native populations in Alaska: 24 0-4 years (n ϭ 15), 5-9 years (n ϭ 15), 10-14 years (n ϭ 10), 15-25 years (n ϭ 15), 26-44 years (n ϭ 30), 45-64 years (n ϭ 10), and Ն 65 years (n ϭ 5 [37] ), proportional age and sex distributions as close as possible to the above were provided by CDC. A total of 1,635 sera were available from the 18 communities.
Sera were screened for arboviral antibodies using a fivestep, indirect antibody capture ELISA at the University of Alaska Fairbanks. All 1,635 sera were tested for JC, INK, SSH, and NOR antibodies using antigens of prototype virus strains. Additionally, 90 of these sera from six villages (Buckland, Fort Yukon, Hoonah, Northway, Savoonga, and Tanana) were tested against antigens of prototype TAH, BAT, CV, and SIN virus strains (Table 1) ; only persons Ն 45 years of age were tested (15 persons per village).
The ELISA procedure used in this study was modified from a standard protocol developed at YARU, and described by Zamparo and others. 25 Optimum antigen-antibody concentrations were determined by preliminary block titrations. Incubation was at 37ЊC in a humid chamber for most steps and plates were washed five times between steps with Dul- Plates were first coated with 100 l/well of virus-specific rabbit polyclonal antisera (prepared at YARU) diluted in D-PBS at concentrations of 1:1,000-1:16,000. After incubation for 2 hr, plates were refrigerated at 4ЊC overnight. The next day, plates were warmed at 37ЊC for 1 hr, washed in D-PBS/ Tween, and blocked with 200 l/well of 1:100 horse serum (Life Technologies, Grand Island, NY); incubation was 30 min. After washing in D-PBS/Tween, mouse brain antigens (viral and normal) diluted in D-PBS/Tween with 5% horse serum were added (100 l/well) to odd-and even-numbered columns, respectively, and incubated for 1 hr. Concentrations of antigens varied from 1:40 to 1:160. Antigens were prepared in newborn mice and recovered from mouse brains by sucrose-acetone extraction at YARU. All antigen suspensions were centrifuged before each use and the supernatant used in the ELISA. In the next step, test sera (100 l/well) were added in duplicate to adjacent wells containing viral or normal mouse brain (NMB) antigens. Incubation was for 1-2 hr. When screening sera for JC, INK, SSH, and NOR viral antibodies, each antigen was tested separately on 2-5 plates depending on the number of sera available. Each plate contained up to 20 duplicate sera, six Native negative sera controls, and one Native positive serum control. Several positive controls (high titer and low titer) were used on different plates. Negative controls were either pools of three individual sera representing different age groups or individual sera alone. Native negative and positive controls were identified by preliminary screening of several villages using researcher negative sera controls and hyperimmune mouse ascitic fluid positive controls. As the project progressed, newly identified positive and negative controls were used. Preliminary studies showed a serum dilution of 1:200 in the ELISA to correlate best with the PRNT for all antigens except those from SSH In the next step, the F(abЈ) 2 fragment of goat polyclonal anti-human (or anti-mouse as appropriate) immunoglobulins conjugated with horseradish peroxidase (Biosource International, Camarillo, CA) was added (100 l/well) at a concentration of 1:4,000 in D-PBS/Tween with 5% horse serum. Incubation was 1 hr. In the final step, a two-component 2.2Ј-azino-di[3-ethylbenzthiazoline sulfonate] (ABTS)-peroxidase substrate (Kirkegaard and Perry Laboratories, Gaithersburg, MD) was added to the plates (100 l/well) and the plates were incubated at room temperature until endpoints (blue-green color development) were reached in 15-30 min. Substrate was added to the plates at 2-min intervals, and plates were read sequentially at 2-min intervals after the endpoint was reached. An SLT Spectra Shell spectrophotometer (Tecan US, Durham, NC) at a wavelength of 414 nm was used to read absorbance, and was interfaced with a Macintosh (Cupertino, CA) computer using DeltaSOFT II᭧ statistical management software (BioMetallics, Inc., Princeton Junction, NJ). Test sera were considered positive if their mean absorbance with viral antigen minus their mean absorbance with normal antigen was greater than the mean absorbance ϩ 3 SD of the negative control sera. Data for the negative control sera were combined from all plates of each antigen (run at the same time) for improved accuracy.
A proportion of the ELISA-positive test sera was titered to the endpoint, using 3-6 negative controls and one positive control per plate. Monotypic sera were considered those either with only one specific antibody response within serogroup, or those with a Ն four-fold higher antibody titer to one viral antigen than to others in the serogroup. About 50% of the ELISA-positive sera were sent to YARU for retesting and confirmation by PRNT; all monotypic INK and SSH virus antibodies were retested. Sera were considered positive for specific antibodies only where the results of both tests agreed. In the PRNT, an initial concentration of 1:20 was used, and most sera were titered to the endpoint. It was noted early in the study that some sera from several Eskimo and Aleut villages (Savoonga, Unalaska, Nanwalek/Port Graham, and Old Harbor) were positive in the ELISA, but negative by the PRNT. These sera invariably had high absorbance values (sometimes Ͼ 1.0) both in association with viral and NMB antigens. Subtraction of these high numbers to determine positivity resulted in values that were greater than the negative control sera; however, these were falsepositive results caused by some unknown nonspecific response in these sera. To reduce this anomaly, positive sera from the four villages were retested after preincubation with 1:10 NMB antigen for 1 hr (37ЊC). In most instances, this procedure reduced the absorbance so that the results matched those determined by PRNT; i.e., the sera were then negative. Subsequently, all positive sera with absorbance (sera ϩ NMB) Ͼ 0.200 from the remaining 14 villages were retested after preincubation with NMB. If still positive, samples were sent to YARU for confirmation by PRNT.
Description of risk factor variables and statistical analysis. Univariate analysis was performed to associate potential demographic and ecologic risk factor variables for arbovirus exposure with the presence of arboviral antibodies in Native sera. Dichotomous variables were evaluated using the chi-square test for 2 ϫ 2 tables, and multiple category (3-7 level) variables were evaluated by Pearson's chi-square test. 26 Odds ratios (with 95% confidence intervals) were cal-culated for each category level to measure the strength of association with antibody prevalence compared with a reference level. 26 Demographic data on sex (2 categories; male and female) and age group (7 categories; 0-4, 5-9, 10-14, 15-25, 26-44, 45-64, and Ն 65 years) of sera were provided by CDC. The ethnic-linguistic group of each village was determined from data compiled by the State of Alaska, Department of Community and Regional Affairs (Juneau, AK). Alaska Natives were grouped into five categories, with the reference population a combined group (4 villages) of Aleut and Alutiiq (Table 1) . Southeast Alaskan Tlingit and Haida Indians (2 villages) represented a second category. Eskimos were grouped either as Yu'pik (2 villages) or Inupiaq (5 villages). Athabaskan Indians comprised the last group of five villages (Table 1) .
Three ecologic risk factor variables were evaluated: biotic province (4 categories), climate zone (3 categories), and terrestrial vegetation (7 categories). Biotic provinces depict geographic zones characterized by specific ecologic associations including fauna, vegetation, climate, physiography, and soils. 27 There are four biotic provinces described for Alaska: 27, 28 Hudsonian (9 villages), Eskimoan (3 villages), Sitkan (3 villages), and Aleutian (3 villages) ( Figure 1 ). Four climate zones characterize weather patterns in Alaska (Maritime, Continental, Transitional, and Arctic), 29 and these are not contiguous with the biotic provinces. Seven coastal villages are situated within the Maritime zone (cool, wet summers with fog and wind) on islands or peninsulas and within three biotic provinces (Sitkan, Aleutian, and Eskimoan). Two villages located north of the Brooks Range ( Figure 1 ) lie within the Arctic zone (cold, dry summers with fog and coastal winds) and the Eskimoan biotic province. The remaining nine villages are within the Continental zone (warm, dry summers) and both Hudsonian and Eskimoan biotic provinces. None of the sampled villages lie within the narrow Transitional climate zone. 29 Terrestrial vegetation in Alaska is of three overall typesinterior boreal forest, coastal rainforest, and treeless tundra-and there is a general correlation between vegetation type and biotic province. 28 The Hudsonian biotic province is mostly boreal forest, the Aleutian and Eskimoan biotic provinces are tundra, and the Sitkan biotic province is coastal rainforest. 28 Seven villages are situated in three specific boreal forest types (1 in lowland spruce-hardwood forest, 2 in upland spruce-hardwood forest, and 4 in bottomland sprucepoplar forest). 30 Boreal forests are dominated by black spruce (Picea mariana) (lowland) or white spruce (Picea glauca) (bottomland and upland), with various associates that may include paper birch (Betula papyrifera), quaking aspen (Populus tremuloides), tamarack (Larix laricina), and balsam poplar (Populus balsamifera). 30 Eight villages are situated in tundra, including two in wet tundra (cotton grass and sedges), three in moist tundra (grasses, sedges, mosses, and shrubs) and three in alpine tundra (lichens, herbs, grasses, and sedges). 30 Three villages are located within largely old growth coastal forest of western hemlock (Tsuga heterophylla) and Sitka spruce (Picea sitchensis); Alaska cedar (Chamaecyparis nootkatensis) and western red cedar (Thuja plicata) are associates in this ecosystem. 30 Four small mammal species in Alaska were evaluated biogeographically with the 18 communities as possible amplifying hosts for SSH and NOR viruses: snowshoe hare (Lepus americanus), northern red-backed vole (Clethrionomys rutilus), red squirrel (Tamiasciurus hudsonicus), and arctic ground squirrel (Spermophilus parryii). Their presence or absence in communities was statistically associated with the prevalence of NOR or SSH viral antibodies in humans. Past and present distribution of these mammals in each community was obtained from University of Alaska Museum (Fairbanks) Mammal Collection records (Jarrell G, unpublished data), from the Alaska Department of Fish and Game (Flynn R, unpublished data), and published sources. 31, 32 Northern red-backed voles were present in 14 of the 18 villages, whereas snowshoe hares, arctic ground squirrels, and red squirrels were present in 10 villages. Two free-ranging ungulates (moose and caribou) were evaluated biogeographically as possible amplifying hosts for JC and NOR viruses. Distribution and density information was obtained from numerous Alaska Department of Fish and Game, Division of Wildlife Conservation biologists responsible for management of specific populations throughout the state and from published reports. [31] [32] [33] Moose were present in the general area of 13 villages. Caribou were common in summer range near Kaktovik and Wainwright, and in some years, Aniak, and rarely migrated near five other villages.
RESULTS
Arbovirus prevalence in free-ranging mammals. Mammals captured over a wide range of Alaskan latitudes showed exposure to several bunyaviruses and one togavirus ( Figure  1 and Table 2 ). Sera from 29 (96.7%) of the 30 mammals had demonstrable neutralizing antibodies to JC, INK, SSH, TAH, NOR, BAT, CV, or SIN-like viruses; no exposures to GET virus were found. California and Bunyamwera serogroup virus exposures occurred in all animal groups at approximate latitudes 57-68ЊN. Sindbis-like virus exposures were documented in fewer animal groups captured at more southern latitudes of 57-64ЊN ( Figure 1 and Table 2 ).
Bunyamwera group viral antibodies were the most prevalent in these animals with 25 (83.3%) seropositive; 23 could be identified as NOR viral antibodies (titers of 1:20 to Ն 1: 320) ( Table 2 ). Sixteen of the NOR virus exposures were associated with nonspecific CA GP or JC and INK viral exposures, and seven were monotypic within both serogroups (Table 2 ). Batai and CV viral antibodies (titers 1:10-1:80) were found in 15 and 18 of the 23 NOR virus antibody-positive animals, respectively. Since NOR viral antibodies were Ն four -fold higher in titer in these animals, BAT and CV viral antibody responses were considered probable serologic cross-reactions. In two caribou, the BAT and/ or CV viral antibody titers were comparable with the NOR viral antibody titers and specific viral exposure could not be determined beyond BUN GP (Table 2) . No monotypic BAT or CV viral exposures were demonstrated in any animal.
Within the CA GP, antibodies to JC virus were found in 20 animals and to INK virus in 19 of the same animals. Titers ranged from 1:10 to 1:2,560 (JC) and from 1:10 to 1: 320 (INK). Three bison and two caribou had JC viral antibody titers Ն four-fold higher than INK viral titers, and these were considered monotypic JC virus exposures; no monotypic INK viral exposures were found. Five other animals 
* Prevalence rate ϭ (no. of sera with antibodies to serotype/no. of sera tested) ϫ 100. † California serogroup (Total CA GP) are sera with antibodies to Jamestown Canyon (JC), Inkoo (INK), snowshoe hare (SSH) viruses or some combination; all categories of CA GP sera may also have Northway (NOR) virus antibodies. JC, INK, and SSH all ϭ all sera with antibodies to serotype. JC, INK, and SSH mt ϭ only sera with monotypic antibodies to serotype within serogroup. Bunyamwera serogroup (Total BUN GP) are sera with antibodies to NOR virus, including sera with CA GP antibodies (NOR ϩ CA GP) and monotypic antibodies (NOR mt). In seven animals the SSH viral antibody titers were Ն fourfold higher than the TAH viral antibody titers, and in five animals the titers were equivalent. All of these SSH/TAH virus antibody-positive animals were also positive for JC/ INK viral antibodies. Where titers of JC/INK and SSH/TAH viral antibodies were not four-fold different, sera were grouped as CA GP (Table 2) . One monotypic (within serogroup) SSH virus exposure (titer 1:40) was found in a Ͻ 1-year-old deer from Chichagof Island ( Figure 1 and Table 2 ).
Of 21 CA GP exposures, 17 (81.0%) were associated with NOR or BUN GP virus exposures.
Within the Togaviridae, SIN-like virus antibodies were found in nine (30%) of the animals, but only in four groups (bison, bear, sheep, and deer). Sindbis virus exposures were always associated with NOR (7 of 9) or CA GP (6 of 9) virus exposures; titers ranged from 1:20 to 1:160.
Arbovirus prevalence in Native populations. Of 1,635 sera from 18 villages, 407 (24.9%) were positive for antibodies to CA GP and BUN GP viruses (Table 3) . Natives living in 17 of the 18 communities had been exposed to bunyaviruses; the only community without evidence of bunyavirus activity was Old Harbor, situated on the east coast of Kodiak Island in southcentral Alaska (Figure 1) . Total antibody prevalence rates ranged from 1.4% to 50.8% in the 17 villages (Table 3 ). In the screening ELISA with all age groups tested, antibodies to JC, INK, SSH, and NOR viruses were detected (confirmed by PRNT) ( Tables 3 and 4 ). California group viral antibodies were most prevalent in these Native populations (21.8%); BUN GP virus exposures occurred in 6.2% of the population (Table 3) . Within the CA GP, 17.6% of the Native sera circulated antibodies to JC virus, 11.1% to INK virus, and 6.8% to SSH virus (Table 3) . Of 287 sera with JC virus antibodies, 128 (45%) were associated with INK viral antibodies, 107 (37%) were monotypic within serogroup and the remaining 52 (18%) were associated with INK and/or SSH viral antibodies. Of 181 INK virus antibody-positive sera, 128 (71%) also circulated JC viral antibodies, 10 (5%) were monotypic within serogroup and 43 (24%) were associated with JC and/ or SSH viral antibodies. About half (n ϭ 57) of the 111 SSH virus antibody-positive sera circulated monotypic antibodies (51%) within serogroup; the remaining 54 sera (49%) also had antibodies to JC and/or INK viruses. Overall, monotypic exposures within the CA GP accounted for 10.6% of total exposures (JC ϭ 6.5%, INK ϭ 0.6%, and SSH ϭ 3.5%) ( Table 3 ). There were 101 BUN GP exposures (6.2%) in the sera tested; 51% were NOR virus exposures with concomitant CA GP exposures and 49% were monotypic NOR virus exposures (within serogroup) ( Table 3 ).
In the ELISA of 90 adults Ն 45 years of age from six villages, antibodies were rarely found to TAH (2), CV (2), and BAT (1) (Table 3) . A high prevalence of JC virus antibodies was found in disjunct, but generally interior regions. The five sites where antibody prevalence was the highest (33-42%) were either Athabaskan Indian (Tanana, Tanacross, and Northway Village) or Eskimo (Aniak and Buckland) communities. The prevalence of INK viral antibodies was highest (21-26%) in Tanacross, Mentasta Lake, Tanana, Noatak (Eskimo), and Buckland (Table 3 and Figure 1 ). Monotypic exposures to JC and INK viruses were found in 13 and eight communities, respectively, and were widespread geographically. About one-quarter of the sera with JC viral antibodies and more than one-third of the sera with INK viral antibodies were titered (Table 4) . Some very high antibody titers were found but distributions were skewed towards lower titers; median titers were 1:800 (INK) and 1: 1,600 (JC) by ELISA and 1:80 by PRNT (Table 4) . Antibody titers associated with monotypic INK viral infections were lower (most were 1:200 by the ELISA and 1:20 by the PRNT) than those found associated with concurrent JC virus infections.
Antibodies to SSH virus were found in Native residents of 14 villages, with the highest prevalence (13-18%) occurring in disjunct regions: Athabaskan Indian villages of Tanacross, Mentasta Lake, and Tanana; the Tlingit Indian village of Hoonah; and the Eskimo village of Buckland (Table 3 and Figure 1 ). Monotypic infections were highest in Hoonah, Buckland, and Savoonga (Yu'pik Eskimos on St. Lawrence Island). About one-third of the SSH sera were titered by ELISA and two-thirds by PRNT (Table 4) ; all 57 monotypic SSH sera were titered by PRNT. Antibody titers associated with both monotypic and polytypic infections were very low (comparable with those associated with monotypic INK viral infections); median titers were 1:100 (ELISA) and 1:40 (PRNT) ( Table 4) .
Antibodies to NOR virus were found in Native residents of 13 communities. The highest prevalence (14-18%) was in two disjunct Eskimo villages (Noatak and Aniak) and three more closely approximated Athabaskan Indian villages (Tanacross, Northway Village, and Mentasta Lake) ( Table 3 and Figure 1 ). Titers were determined for greater than half of the positive sera; median titers were equivalent to those for JC and INK viral antibody titers (1:800 by the ELISA and 1:80 by the PRNT) ( Table 4) .
Demographic risk factors. There was an increasing prevalence of total bunyavirus antibodies in Native populations with increasing age group; 7.3% exposure was found at 0-4 years of age compared with 46.4% exposure in the Ն 65-year-old age group (Table 5) . This association was statistically significant, and adults Ն 65-years old were 10.9 times * No. of sera tested (no. of sera positive). Positive (pos.) ϭ sera with antibodies to Jamestown Canyon, Inkoo, snowshoe hare and/or Northway viruses.
† Prevalence rate (PR) ϭ (no. of sera positive in specific group/no. of sera tested in specific group) ϫ 100. (at least 7.8 times and as high as 15.3 times) more likely to have been previously exposed to bunyaviruses when compared with the reference population of children Յ 4 years of age (Table 6 ). Exposure risk increased with each age group. The odds of bunyavirus exposures in children 5-14 years old were 2.2-2.8 times higher than in children 0-4 years old. Natives 15-25 years of age were 3.7 times more likely to have previous exposures, whereas this risk doubled (7.5 times) by 45-64 years of age (Table 6 ). A trend of increasing prevalence by age group was also demonstrated for antibodies to CA GP, JC, INK, and NOR viruses (Table 7 and Figures 2 and 3 ). The prevalence of antibodies to JC virus in Native populations showed a sharp increase from 2.3% (0-4 years old) to 10.6% (5-9 years old), then a steady progression to 29.8% (Ն 65 years old). Monotypic JC viral antibodies in Native populations peaked in adulthood (26-44 years old). Antibodies to INK virus were rare in the 0-4-year-old age group (0.5%), but sharply increased in the 5-9-year-old age group. A nearly steady increase in antibody prevalence was shown up to Ն 65 years of age (Table 7 and Figure 2 ). Antibodies to NOR virus were also rare in the 0-4-year-old age group (0.5%) and increased slowly until early adulthood (15-25 years old); rates increased 4-6% in each subsequent age group (Table 7 and Figure 3 ). The prevalence of antibodies to SSH virus in the Native population showed a different pattern, with fairly even age-group specific rates (5.1-7.2%) in all age groups until Ն 65 years of age when rates increased 2-3-fold (16.7%) ( Table 7 and Figure 3 ). Monotypic SSH viral antibodies (within serogroup) showed a similar pattern with a prevalence of 2.2-4.8% in all age groups until age 65 or greater (7.1%). Children less than 10 years of age were exposed primarily to CA GP viruses (46 of 444, 10.4%) compared with NOR virus (6 of 444, 1.4%) ( Table 7) ; this association was statistically significant ( 2 ϭ 32.68, P Ͻ 0.001). The prevalence of antibodies to JC (6.5%), INK (4.5%), and SSH (6.1%) viruses in this age group was also significantly higher compared with antibodies to NOR virus.
There was no statistically significant association of sex with the prevalence of total bunyavirus antibodies in Native populations (Table 6 ). Prevalence rates were 26.5% in 809 males and 23.4% in 826 females (Table 5 ). Five to seven percent differences in sex-specific rates within some age groups were observed (Table 5 ), but were not statistically signficant. Additionally, there was no association of sex with the prevalence of antibodies to JC, INK, NOR, or SSH viruses in Native populations.
A significant association was found between the presence of human bunyavirus antibodies in village residents and the specific ethnic-linguistic group of each village (Table 6 ). At greatest risk of arbovirus exposure were Athabaskan Indians, who live in Alaska's interior. This population was 21.3 times (at least 11.6 times and as high as 39.1 times) more likely to be seropositive compared with the reference population of southwestern and southcentral coastal-dwelling Aleuts and Alutiiqs (Table 6 ). Yu'pik and Inupiaq Eskimos living in northern and western Alaskan villages were 11.1 times * Age group-specific prevalence rate ϭ (no. of sera positive in specific age group/no. of sera tested in specific age group) ϫ 100. Antibodies are to CA GP (California serogroup), JC all (all sera with Jamestown Canyon antibodies), JC mt (sera with monotypic JC antibodies within serogroup), INK all (all sera with Inkoo antibodies), SSH all (all sera with snowshoe hare antibodies), SSH mt (sera with monotypic SSH antibodies within serogroup), and NOR (all sera with Northway antibodies). CA GP, JC, INK, and SSH may also have NOR antibodies; NOR may also have CA GP antibodies. FIGURE 2. Age group-specific antibody prevalence rates to Jamestown Canyon (JC, n ϭ 287) and Inkoo (INK, n ϭ 181) viruses in Native populations resident in 18 Alaska communities. and 12.6 times more likely to have antibodies to bunyaviruses than the reference population. Southeast Alaskan coastal-dwellers, Tlingit and Haida Indians, were only at 5.3 times greater risk of arbovirus exposure than their more westerly Aleut and Alutiiq neighbors (Table 6) .
Ecologic risk factors. Univariate chi-square analyses showed highly significant associations between human bunyavirus antibodies and biotic province, climate zone, and terrestrial vegetation (Table 8) . With respect to biotic province, arbovirus exposure was greatest in the interior Hudsonian region. The risk of arbovirus infection to groups living in the Hudsonian was 23.1 times (at least 17.3 times and as high as 30.8 times) higher than reference populations living within the southwestern Aleutian biotic province (Table  8 and Figure 1 ). Populations resident within the northwestern Eskimoan biotic province and the southeastern Sitkan biotic province were only at 4.5 times and 4.2 times higher risk of arbovirus exposure compared with the Aleutian groups (Table 8 and Figure 1) . With respect to climate zone, populations living within the Continental zone were 8.1 times (at least 5.9 times and as high as 11.0 times) more likely to be exposed to arboviruses compared with populations living in the reference Maritime zone (Table 8 ). Populations living in the Arctic zone appeared at only minimal increased risk (1.6 times higher) of arbovirus exposure compared with Maritime populations (Table 8) .
Natives resident in interior boreal forests were at 14-16 times (at least 7-8 times and as high as 27-31 times) higher risk of arbovirus exposure compared with the reference population resident in sparsely vegetated alpine tundra (Table  8) . Populations were also at increased risk when resident in villages situated in wet tundra (8.2 times higher) and moist tundra (4.4 times higher) compared with those living in alpine tundra (Table 8) . Coastal rainforest inhabitants were only at slightly increased risk (2.6 times higher) of arbovirus exposure compared with the reference population. 
Mammals as amplifying host risk factors.
The distribution of both moose and caribou was associated with antibodies to JC and NOR viruses in Alaska Native populations (Table 9 ). This association was much stronger with moose compared with caribou. The presence of moose in summer range near villages increased the odds of finding antibodies to JC virus in humans 5.2 times (at least 3.4 times and as high as 8.0 times) and antibodies to NOR virus 23.0 times compared with villages where moose were not present in the ungulate fauna. A small increase in risk in JC (1.5 times) and NOR (1.6 times) virus exposure was associated with the summer presence of migratory caribou near some villages, compared with villages completely disjunct from the migratory patterns of Alaska's caribou herds ( Table 9 ).
The distribution of several small mammals was significantly associated with the prevalence of antibody to NOR virus in human populations (Table 10 ). Native residents of villages containing cyclically present snowshoe hares were 23.6 times (at least 7.4 times and as high as 74.7 times) more likely to be exposed to NOR virus compared with Natives living in villages where snowshoe hares were absent. Similarly, the odds of human exposure to NOR virus were 16.6 times greater when northern red-backed voles were present within villages, and 8.4 times greater in the presence of red squirrels, compared with villages without these animals in the fauna. Conversely, there was a negative association of NOR virus exposures in humans associated with the distribution of arctic ground squirrels (Table 10 ). Antibodies to SSH virus in humans were not as strongly associated with the distribution of snowshoe hares, northern red-backed voles, and red squirrels in villages compared with NOR virus. The odds of human exposure to SSH virus in the presence of these animals were, respectively, only 1.6, 1.8, and 3.9 times higher than in communities where they were not present (Table 10 ). The strongest association was with red squirrels. As with antibodies to NOR virus, antibodies to SSH virus in humans were negatively associated with the distribution of arctic ground squirrels in villages.
DISCUSSION
This study constitutes the most comprehensive serologic survey of Alaskan populations for exposure to bunyaviruses. Evidence of previous bunyavirus infections in Alaska Natives was widespread geographically, and at very high prevalence in some regions. Based on the presence of monotypic viral antibodies, four bunyaviruses appear to infect humans in Alaska: JC, INK, SSH, and NOR. Specific human exposures to JC, SSH, and NOR viruses have been previously documented in the State, although only in adult populations. 5, 6 This study is the first to substantiate that all age groups, including children, are infected by these viruses. Serologic evidence of INK virus infection is a new finding. However, whether INK and JC viruses are both circulating in Alaska is uncertain. Recent molecular studies have shown these viruses to be closely related genetically, 34, 35 descendant from a distant but common ancestor. 35 The prototype virus strains used in the present study share a 97.9% identity among nucleocapsid (N) protein amino acid sequences; thus, JC and INK viruses may represent varieties of the same virus. 34 Analysis by the ELISA showed that nearly equal numbers of sera contained apparent JC/INK virus double infections and monotypic JC virus infections; 10 monotypic INK virus exposures were also found (and confirmed by PRNT). These results suggest that the ELISA is able to specifically distinguish antibodies to JC and INK viruses. Some JC/INK virus antibody-positive sera were titered by both ELISA and PRNT; the titers were usually equivalent by one or both tests. This could be indicative of antibodies to JC virus being detected equally by closely related JC and INK viral antigens, and apparent INK viral antibody responses may represent serologic cross-reactions. However, the high number of monotypic infections found does not support this hypothesis. High-titer antibodies to JC virus occurred in both double and monotypic infections; therefore, titer does not appear responsible for the different reactions observed. We suggest that INK virus may exist as a discrete entity in Alaska, but that JC virus is predominant. Isolations of INK virus from mosquitoes or mammals are needed to clarify this hypothesis.
The five apparent CV, BAT, and TAH viral exposures found in older-aged Native groups may all represent serologic cross-reactions; they were of low titer and no monotypic infections were found. However, cross-reactions within serogroup were not routine, particularly in the ELISA. Equal titer antibodies to SSH and TAH viruses found in a Ն 65-year-old Siberian Yu'pik Eskimo from Savoonga could represent a double infection. This ethnic-linguistic group has traditional social and cultural ties to Siberian Eskimos on the Chukchi Peninsula (Russia) where TAH virus circulates. 13 Contact between the two groups occurred until the start of the Cold War (1948). All three viruses, if present in Alaska before 1984, did not appear to be of public health importance in the villages surveyed.
There was no serologic evidence of SIN virus infections in older-aged Native groups, but SIN-like virus exposures were found in several mammal species, both in interior (63-64ЊN latitude) and southeastern (57-58ЊN latitude) regions. Most of these animals were captured 6-8 years after the human serosurvey, and based on their age or life-span were likely exposed to SIN virus between 1980 and 1990, perhaps after human populations were tested. However, two Sitka black-tailed deer on Chichagof and Kruzof Islands were exposed to SIN virus between 1978 and 1981, before the human survey, but infections were not found in older residents of Hoonah. The nature of SIN-like infections in mammals captured in Alaska is not clear. Both SIN and western equine encephalitis (WEE) viruses are members of the WEE complex of alphaviruses. Western equine encephalitis virus is purportedly a recombinant that has arisen from an eastern equine encephalitis-like (EEE) virus (Togaviridae, Alphavirus) and a SIN-like virus, yet to be identified in the New World. 36 The primary vector of WEE, Culex tarsalis, is not reported from Alaska, 28 but its northern limit in far northwestern Canada is at 65ЊN latitude (MacKenzie River Valley, Norman Wells, Northwest Territories). 37 Serologic evidence of WEE in tundra and forest habitats (69ЊN latitude) was found in a reindeer herd at Atkinson Point, Northwest Territories (5% prevalence); in these landscapes Culiseta or Aedes mosquitoes are the probable vectors. 37 Serologic evidence of SIN-like virus exposures in Alaska mammals were also within forest or tundra environments, except for migratory bison, which range between farmland of the Tanana River Valley and the Alaska Range. It is possible that these exposures could represent WEE transmitted by Aedes or other mosquitoes, or that these represent exposures to a new SIN-like virus. Subtypes of SIN virus in northern Europe and northwestern Russia (Ockelbo, Pogosta, and Karelian fever viruses) infect humans at 60-64ЊN latitude in boreal forests; several Culiseta and Aedes mosquitoes are vectors. 38 Serologic evidence of WEE was not found in Native populations of five eastcentral villages previously (1968), 1 suggesting that SIN-like (or WEE-like) viruses posed little, if any, threat to Alaskans, at least before 1984.
The natural ecology of JC virus in Alaska is virtually unknown. This virus has been isolated from Ae. communis 39 and Ae. punctor 5 mosquitoes, and in this and a previous Alaskan study, 5 several large ungulates (moose, caribou, bison, Dall sheep, and deer) have circulated antibodies to this virus (prevalence ϭ 40-89%). In the contiguous United States and Canada, various ungulates including white-tailed deer, mule deer, antelope, elk, and moose have been implicated as potential natural hosts for JC virus, and various species of Aedes (communis and stimulans group) mosquitoes, as well as Culiseta inornata are involved as vectors. 40 In Finland and the CIS (including Siberia), INK virus may be transmitted in a similar natural cycle by Ae. communis mosquitoes with reindeer (semi-domesticated caribou) and moose as amplifying hosts. 19, 40 Reindeer were introduced into Alaska from Siberia in 1893 and transported to Native villages throughout the State (Finstad G, unpublished data). Originally, they were used for subsistence, and later generated income by the sale of meat, velvet antlers, and breeding stock. At peak populations in 1932, they purportedly numbered more than half a million animals; presently about 20,000-22,000 are present on the Seward Peninsula, on islands in the Bering Sea (St. Lawrence, St. Paul, Unimak, Umnak, and Atka) and on Kodiak Island. Historically, reindeer were herded by residents of six of the 18 villages surveyed in our study: Wainwright, Noatak, Buckland, Savoonga, Aniak, and Tanana (Finstad G, unpublished data). Inkoo virus is endemic in Siberia 13 and we hypothesize that this virus could have been introduced into Alaska in viremic reindeer more than 100 years ago. Two moose in our study circulated antibodies to both JC and INK viruses, and the presence of moose in villages was statistically associated with antibodies to JC virus in humans; this suggests a possible role for moose in the amplification of this virus in Alaska. Moose are large, sedentary animals that commonly enter populated areas; these factors would enhance their capacity as local amplifying hosts. Several migratory caribou from the Porcupine herd were also previously infected with JC virus. If caribou are amplifying hosts in Alaska, their role in disseminating JC virus between mosquito populations may be important. However, their impact on mosquito populations near most villages and population centers may be of less importance; in few areas do they range close enough (in summer) to potentially amplify the virus within local mosquito populations. One exception may be in the arctic region north of the Brooks Range where both the Arctic and Porcupine caribou herds commonly approach the windy coastline to avoid mosquitoes (Bente P, unpublished data). 41 Additionally, the Porcupine herd has a summer calving area adjacent to Kaktovik. 41 Both moose and caribou represent fauna of the Beringia Refugium 33 and may have co-evolved over a long period with JC virus and its mosquito vectors. 11 Sitka black-tailed deer may also play a role in JC virus ecology, but are restricted to southeast Alaska (natural range) and Kodiak Island (introduced). Deer are ubiquitous on the southeast mainland and nearly all islands of the outlying 1,000 islands of the Alexander Archipelago. 31 Two deer from the northern outer islands circulated antibodies to JC virus in our preliminary study, and deer probably play a role in amplifying this virus, particularly where other ungulates are absent. In southeast Alaska, moose are present only on the mainland and on five adjacent islands; extremely rare sightings are reported on Chichagof and Prince of Wales Islands. 31 Caribou are absent from southeast Alaska. 31 The ecology of SSH virus is also little known in Alaska, but has been studied in the adjacent Yukon Territory. In that region, the virus is vectored by Ae. communis, Ae. nigripes, Ae. hexodontus, and Cs. inornata, with transovarial transmission important as an overwintering mechanism in some species. 42 In Alaska, SSH virus has been isolated from seven species of Aedes mosquitoes including Ae. communis and Ae. hexodontus. 4 Less is known about amplifying hosts, but based on high antibody prevalence in snowshoe hares (40-43%) in Alaska 5 and the Yukon, 43 and repeated virus isolations from hares in Alaska, 3 this mammal appears to be the primary amplifying host for the virus. However, in years when cyclic hare populations are depressed, or in areas where hares are not distributed, other small mammals may assume the role of amplifying hosts. This appears to be true in the Yukon Territory where arctic ground squirrels are considered a secondary amplifying host. 43 In our study, arctic ground squirrel distribution was negatively associated with human seroprevalence, which implies a limited host role for this species statewide. However, these squirrels could still be important in some villages where snowshoe hares are ecologically excluded. We did find biogeographic association of human SSH infections with northern red-backed voles and red squirrels, but the role of these species as amplifying hosts for SSH virus in Alaska is unknown. An antibody prevalence of 4-12.5% has been found in red squirrels in Western Canada, 43, 44 but the results of a limited survey of 77 squirrels done in Alaska 30 years ago were negative. 3 Seven villages were located outside the present distributional range of snowshoe hares, but antibodies to SSH virus (3-14%) were found in 33 persons from four of these villages: Savoonga, Wainwright, Hoonah, and Craig. Ten seropositive individuals were children (4 in the 0-4-year-old age group), 13 were 15-44 years old, and 10 were Ն 45 years old. While some infections of older persons may have been contracted during travel to areas where snowshoe hares were present, it is not likely that all infections would be acquired in this way (particularly in young children) considering the low overall prevalence (6.8%) of SSH viral exposures statewide. Thus, alternate small mammals may be involved as amplifying hosts for SSH virus in these four villages; in Alaska, the virus has been isolated from northern red-backed voles and collared lemmings (Dicrostonyx groenlandicus). 3 These two mammals, along with the arctic ground squirrel are part of the original Pleistocene Beringian fauna, 32 and therefore, may have a long-standing relationship with both virus and vectors. 11 All three are present in Savoonga and Wainwright, and may be involved in SSH virus enzootic cycles. In Hoonah and Craig, these mammals are absent, but long-tailed voles (Microtus longicaudus) and Keen's deer mouse (Peromyscus keeni) are abundant, and other endemic rodent fauna are present (Flynn R, unpublished data). 31 Additionally, red squirrels were introduced to Chichagof Island from Juneau during 1930 and 1931, 45 and are now common in the Hoonah area (Flynn R, unpublished data). The relative roles of these mammals in the natural cycle of SSH virus in southeast Alaska needs investigation.
The ecology of NOR virus is unknown throughout its range in western North America. 46 Closely-related viruses (CV and BAT) 47 are amplified in large ungulates; 46 our preliminary serosurvey and a previous one 5 documented a high prevalence of NOR virus exposures in moose (78-80%), caribou (40-43%), Dall sheep (84-100%), and bison (94-100%) in Alaska. However, the role, if any, of these ungulates in the epizootiology of the virus is unstudied; due to their large size and relatively long life span, they may withstand frequent mosquito bites and repeated NOR virus infections. Other members of the BUN GP (Main Drain, Lokern, and Tensaw viruses) are amplified in rabbits or rodents, 46 and isolations of NOR virus in Alaska have been made from the brain of two northern red-backed voles and from the blood of sentinel rabbits. 3 In our study, the distribution of both ungulates and three small mammals was geographically associated with the prevalence of antibody to NOR virus in humans. Thus, further study is needed to elucidate the natural hosts of NOR virus in Alaska. There were five villages where NOR was absent and three villages where the virus was rare (prevalence ϳ1%); all were situated on islands or peninsulas, and within tundra or coastal forest landscapes. These areas were devoid of snowshoe hares (introduced in Old Harbor), and red squirrels (introduced in Hoonah), and moose were absent or rare. Arctic ground squirrels were present in six of these villages, which accounts for the negative statistical association of this species and antibodies to NOR virus in humans. The highest prevalence rates for NOR virus antibodies in humans were in villages situated in interior regions and boreal spruce forest landscapes. Snowshoe hares, red squirrels, and moose were all present in these landscapes. This suggests that NOR virus has a more focused natural ecology than SSH virus and is associated with boreal forests. While the mosquito vectors of NOR virus are also unknown, virus isolations have been made from Ae. punctor, Ae. hexodontus, Ae. excrucians, and Cs. alaskaensis in interior Alaska, 4 and from Ae. hexodontus and Cs. inornata in boreal forests of the Yukon Territory. 42 Although these species are considered mammal feeders, 48, 49 specific host preferences among Alaskan wildlife are unknown.
Previous human serologic surveys in Alaska 1,5,6 have examined different populations or age groups, and have used different serologic tests; however, some comparisons can be made with the present study. In the 1968 survey where all age groups were tested by PRNT, CA GP virus exposures were extremely high (72%) in a cluster of interior Native communities (Northway Village, Mentasta Lake, Tanacross, Dot Lake, and Tetlin). 1 The first three villages were resurveyed in our study (1984 sera collection) with overall CA GP viral exposures somewhat lower (32-43%), including only a 13% age-specific prevalence in children Ͻ 10 years of age. This compares with a prevalence of 32.5% in children Յ 10 years of age in the five villages.
1 These differences could reflect a reduction in arbovirus transmission in this region during the intervening 16 years between sera collections, but most likely relate to differing population structure or methodology. Only 30% of this population was se-ropositive by HI in 1968. 1 Eskimo reindeer herders on the Seward Peninsula (northwest Alaska) tested in the late 1970s also showed a high prevalence of CA GP viral antibodies by PRNT (54%). 5 A similar prevalence (53%) was found in adults (Ն 26 years old) in Buckland, an Eskimo reindeer herding village in the same geographic area (present study). A slightly higher prevalence of NOR viral antibodies (20%) was found in the Buckland population compared with the earlier Eskimo population (14%). 5 In the 1981 serosurvey, U.S. Geological Survey and Forest Service workers, some with field travel to remote regions and/or wilderness recreational activities (regions unspecified), showed a CA GP antibody prevalence of 21.8% (JC and SSH viruses) and a NOR viral antibody prevalence of 3.9% (by PRNT). 6 If we examine only adults of working age (26-64 years old) in our study, we find that CA GP (which includes INK virus) and NOR virus antibody prevalence rates are somewhat higher (29.4 and 10.6%, respectively) in the Native population. The proportion of JC and SSH monotypic viral exposures (10% and 3.7%, respectively) were also slightly higher than the occupationally exposed government workers (8.3% and 1.4%, respectively). 6 These comparisons suggest that while Native Alaskans comprise a high risk group for arbovirus exposures, all Alaskans who live, work, or recreate in rural or wilderness areas during the mosquito season are at similar risk for exposure to these viruses. The results also confirm the accuracy of the ELISA in screening compared with the PRNT.
The prevalence of JC and NOR viral antibodies increased with age in Native populations, indicating endemicity of these viruses in Alaska. A similar pattern was seen with INK virus exposures (if present). Infections with SSH virus showed an even age group distribution of antibodies, until increasing at Ն 65 years of age. This pattern cannot be explained by the probable sporadic activity of the virus associated with 10-year cyclic snowshoe hare populations or unstable populations of potential alternate hosts (collared lemmings and northern red-backed voles). 50 At the present time, the reason for this pattern is unclear. In one previous study of Athabaskan Indians (all age groups), the prevalence of CA GP viral antibodies increased with both age and residence period, and age approximated residence period. 1 The same may be true for Native populations in our study. However, many Native groups in Alaska relocate to alternate subsistence sites (fish and whaling camps) at least part of the summer; thus, residence may reflect several different ecosystems. Subsistence activities usually include both sexes; this would explain the lack of association between arboviral antibodies and sex in this and in a previous Native serosurvey. 1 The Hudsonian biotic province was the highest risk ecologic region for bunyavirus exposures by resident Native groups (Athabaskan Indians, Inupiaq and Yu'pik Eskimos). Athabaskan Indian villages lay entirely within the Hudsonian; thus, the risk of exposure for this ethnic-linguistic group exceeded that of other groups. The Hudsonian is a physiographic complex of plateaus, river valleys, and lowlands delimited by rugged mountain ranges north and south. Bunyavirus transmission occurred in villages at all elevations from near sea level (Buckland) to about 700 m in the mountains (Mentasta Lake and Anaktuvuk Pass). Hudsonian soils are widely frozen perennially (permafrost) due to a continental climate. 29 Permafrost prevents water drainage and allows the formation of snow-melt pools and bogs; this promotes extensive mosquito breeding. 28 A high density of mosquitoes, primarily 17 Aedes (Ochlerotatus) species in the communis and stimulans groups, are present during the warm summers. 28, 49 Moose are widespread and eight caribou herds occupy the region. 41, 49 Cyclic snowshoe hares, as well as northern red-backed voles, and red squirrels are common in the taiga; arctic ground squirrels are present in alpine tundra. 49 The higher bunyavirus antibody prevalence rates in the nine Hudsonian communities (26-51%), compared with rates in communities within other biotic provinces (0-24%), appear to reflect this abundance of potential vectors and hosts.
The Eskimoan and Sitkan biotic provinces were ecologic regions of equivalent bunyavirus exposure risk to Native inhabitants. Inupiaq and Yu'pik Eskimo villages were primarily within the Eskimoan, but some groups resided in the Hudsonian; therefore, overall risk to these ethnic-linguistic groups was more than twice that of Tlingit/Haida Indians living solely in the Sitkan province. In the Eskimoan, continuous permafrost exists over the tundra landscape, and a high density of Aedes mosquitoes are generated from snow melt pools. 28, 49 However, short, cold, and windy summers may reduce virus transmission and account for the relatively low prevalence rates observed in this region. An absence or paucity of potentially important amplifying hosts (snowshoe hares, moose) may also be relevant. The Sitkan biotic province was glaciated during the Pleistocene, 31 resulting in steep mountainous terrain. Physiography, a lack of permafrost, and a cool maritime climate 29 may limit mosquito abundance. The mosquito fauna is little known, but is reportedly arctic with several Aedes species. 28, 49 Mosquito fauna of Chichagof and Prince of Wales Islands is completely unstudied. Differences in bunyavirus prevalence between Hoonah (24%) and Craig (6.3%) may reflect the closer proximity and travel of Hoonah residents to the mainland, or relate to specific insular differences in mosquito and mammal fauna. Low prevalence of SSH and NOR viral antibodies (and absence of JC virus exposures) in Nanwalek and Port Graham residents may in part reflect the scarcity of appropriate amplifying hosts. Snowshoe hares are quite rare, and moose appear to be recent invaders, rare some 50 years ago and only reaching sparse density by the time of the survey (Del Frate G, unpublished data). Caribou were hunted out of the area early in the century and have been re-established only in northern regions of the Kenai Peninsula. 45 The Aleutian biotic province was the lowest risk ecologic region for Native (Aleut and Alutiiq) bunyavirus exposures. This previously glaciated, mountainous region is primarily tundra-covered and has a formidable summer maritime climate (continuous overcast, cold fog, heavy rain, and high winds). The mosquito fauna is thought to be quite limited. 28 On Kodiak Island, the native land mammal fauna is remarkably poor, 32 consisting only of red fox, brown bear, ermine, and tundra voles. 32, 51 Snowshoe hares, red squirrels, Sitka black-tailed deer, and reindeer have been introduced since 1922; 32, 51 arctic ground squirrels represent fauna introduced earlier. 51 Moose and caribou are absent. The apparent lack of bunyavirus activity in Old Harbor may be a result of the cool climate, and a paucity of native fauna and perhaps suitable mosquito vectors. On the Alaska Peninsula, moose and caribou rarely range near the southern community of King Cove in summer; thus, the one INK virus exposure in an adult (26-44-year-old age group) resident is probably an import. It is likely that six JC and/or INK viral exposures found in Unalaska residents were also imported. No wild ungulate fauna is present on Unalaska Island, although domestic sheep, cattle, and horses have been grazed historically. During World War II, Native populations of Unalaska (but not King Cove) were relocated to Etolin Island in southeast Alaska (State of Alaska, Department of Community and Regional Affairs, 1981, unpublished data). Three people with JC or INK viral antibodies were Ն 45 years of age, and two were in the 26-44-year-old age group; thus, these persons could potentially have been infected in southeastern Alaska during World War II. Some of the infected individuals in Unalaska may also represent immigrant workers in the commercial fishing or fish processing industries. Evidence of SSH virus infection was not found in human populations of either community; snowshoe hares are also absent from these sites. Only one NOR virus exposure was found in a resident of Unalaska (26-44-year-old age group), and may well be an import. Our study found no evidence to support the conclusion of Stansfield and others 6 This study has demonstrated serologic evidence of JC, INK, SSH, and NOR virus activity in the Hudsonian, Eskimoan, and Sitkan biotic provinces, and a SIN-like virus (in wildlife) in both Hudsonian and Sitkan regions. Jamestown Canyon (and INK if present) viruses were the most widespread and predominant in Alaska Native communities, followed by SSH virus. Northway virus was the least prevalent and appeared to have the most restrictive ecologic requirements. Communities where one or more of the four viruses (infecting humans) were apparently absent were located on islands or peninsulas. Isolation, leading to more limited mosquito and wildlife fauna, may influence arbovirus distribution. Climate is probably the major influence on mosquito fauna and density; thus, cool maritime climates and cold arctic climates are less hospitable for arbovirus transmission compared with the continental climate of the Hudsonian biotic province. 28 
